Calcifying pseudoneoplasms of the neuraxis are extremely rare calcified lesions that can occur anywhere in the central nervous system. These non-neoplastic lesions have been reported to arise both in the brain and spine with similar frequency and can be found intra-axially as well as extra-axially. The associated symptoms are generally due to mass effect rather than local invasion as calcifying pseudoneoplasms of the neuraxis are usually considered to be benign noninfiltrative lesions. We report a unique case of a 67-year-old male patient who developed lower extremity weakness and gait instability with imaging and histological features of calcifying pseudoneoplasm of the neuraxis occurring in the spine with adhesive features and intradural extension. Calcifying pseudoneoplasms are benign, slow-growing masses that can present with a wide variety of symptoms depending on the size and location of the tumor. The differential diagnosis for these entities can be narrowed taking into consideration relevant imaging features as well as important clinical information.
Introduction
Calcifying pseudoneoplasms of the neuraxis (CAPNONs) are extremely rare calcified lesions that can occur anywhere in the central nervous system (CNS). 1 These non-neoplastic lesions have been reported to occur both in the brain and spine with similar frequency and can be found intra-axially as well as extra-axially. 2 The first case describing CAPNON was published in 1978 by Rhodes and Davis. 3 Since then, 27 patients with cases of spinal CAPNON and 32 patients with intracranial CAPNON have been reported. 4 All patients were treated surgically. The etiology of the lesion is still unknown; however, investigators favor it to be a reactive rather than a neoplastic process. 5 Symptoms associated with CAPNONs are due to mass effect rather than local invasion as CAPNONs are usually considered to be benign non-infiltrative lesions. 6 This is a unique case report describing imaging findings of a pseudoneoplasm of the neuraxis adherent to the spinal cord.
Case report
A 67-year-old male patient presented with neurological symptoms including significant left lower extremity pain, weakness and gait instability. He also noted marked fasciculations of the left quadriceps. The patient had a prior history of spinal stenosis and prostate adenocarcinoma. On physical exam the patient was noted to have a wide based gait, no evidence of clonus, perineal numbness or bladder symptoms.
Magnetic resonance imaging (MRI) scan demonstrated a well defined extramedullary lesion located in the vertebral canal occupying the left lateral recess between T11 and T12. The mass presented markedly hypointense signal intensity on both T1 and T2-weighted images, showing no definite vasogenic edema in the neighboring bone tissue (Figure 1(a) and (d)). Subtle heterogeneous enhancement with fine partial rim enhancement of the lesion in the post contrast T1-weighted was noted (Figure 1(b) ). There was significant displacement of the spinal cord towards the right associating discrete hyperintensity, consistent with mild myelopathy (Figure 1(c) ). Computed tomography (CT) scan confirmed the presence of a calcified lesion with a chondroid/fibro-osseous pattern, with associated increased density of the adjacent vertebral body probably related to reactive hyperostosis ( Figure 2) .
The patient was placed under the care of neurosurgery and underwent a T11-T12 laminectomy with 90% resection of tumor. An incision was made from the superior portion of the T10 spinous process to T12. The dura was opened and the lesion was readily identified. It was dissected off lateral dura. The superficial nerve roots appeared markedly inflamed and reddened. The arachnoid was further opened and the densely calcified lesion was adherent to the spinal cord. It was then dissected off the spinal cord and deep nerve roots. The specimen was removed from the spinal cord in multiple fragments with the aggregate tissue and was sent for pathological and histological evaluation. The patient was subsequently followed both clinically and via imaging. The patient reported marked improvement in back pain and decrease in numbness within one month postoperatively, with quadriceps weakness recovering in the following months. Repeat CT examinations of the thoracic spine showed no change in residual calcifications and no new lesions were seen in the spine (Figure 3 ).
Discussion
CAPNONs are rare calcified lesions. No particular age range association has been reported, although there is a slight male predominance (1.92:1). 4 They can arise anywhere along the CNS with extra-axial predominance (66%) versus intra-axial (33.6%). 2, 4, 5 According to the literature, most spine cases were in the epidural space (81.48%). 4 The case we describe was located in the spine and presented with infiltrative behavior and intradural extension. Imaging features can vary depending on the location. However, on CT they typically associate hyperdense areas corresponding to diverse levels of calcifications. On MRI the classic presentation is hypointense signal on both T1 and T2-weighted images and no significant surrounding edema. Contrast enhancement is variable, with some cases demonstrating solid enhancement and some others, like ours, with subtle heterogeneous enhancement. 4 The radiological differential diagnosis also depends on the location of the lesion; meningioma, chordoma, chondrosarcoma, and vestibular schwannoma should be considered in extra-axial lesions at the skull base. Among intra-axial calcified masses, the differential diagnosis should include calcifying tumors such as ganglioglioma and oligodendroglioma, vascular etiology such as cavernous malformation, and infections such as tuberculosis. 4, 7 The differential diagnosis for spinal cases includes psammomatous meningiomas, neurofibroma, schwannoma, old calcified hematoma disc herniation, calcifying tuberculosis, synovial cyst, and chronic epidural abscess (Table 1) .
Symptomatic or growing lesions suspicious for CAPNON based on imaging and clinical findings warrant a surgical approach. Local recurrence and progression after partial resection have previously been described, therefore complete surgical excision should be attempted when technically possible in order to minimize potential recurrence. 4 However, adherence to normal structures appears to be characteristic for these lesions, increasing the neurological risk when the lesion is adherent to the cord. In these cases maximum safe resection and decompression represent the main goal (Figure 4) .
CAPNONs have been hypothesized to be a healing response to diverse inciting factors, such as possible trauma, infection, or inflammation, which can account for the variations in histopathological features. 3 Under the microscope, the differential diagnosis of calcifying pseudoneoplasms includes an array of reactive lesions such as granulomatous disease, herniated disk material, and even neoplastic lesions like chondroid chordoma, chondroma, chondrosarcoma, metaplastic meningioma, or calcified primary parenchymal CNS tumors. 8 Characteristic histopathological findings of CAPNONs comprise various common elements: (a) typical chondromyxoid matrix in a nodular pattern; (b) palisading spindle to epithelioid cells; (c) variable amounts of fibrous stroma; (d) calcification, osseous metaplasia, and scattered psammoma bodies; and (e) foreign-body reaction with giant cells. 5 The presence of all elements is variable with cases showing only partially the features described above.
In our case, on microscopic examination, the lesion was found to be composed of fibrous tissue containing bland spindle cells at varying density, bone (including mature lamellar bony trabecula), and a basophilic, nonossified matrix material deposited in plates and thick, ropey strands ( Figure 3 ). This matrix material did not exhibit any birefringence on polarized light examination and in areas was rimmed by spindled and histiocytoid cells.
Conclusion
Calcifying pseudoneoplasms are benign, slow-growing masses that that can present with a wide variety of symptoms depending on the size and location of the tumor. The differential diagnosis for these entities can be narrowed taking into consideration relevant imaging features as well as important clinical information. In spite of its histopathologically benign nature, symptomatic tumors tend to be excised to alleviate the pressure and mass effect on the neighboring structures causing the symptoms with an overall favorable prognosis.
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